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LQFOXGHVDQDO\VLVH[HFXWLRQPRQLWRULQJDVZHOODVEXVLQHVVSURFHVV LQWHJULW\DQGRSWLPDOLW\ LQVXUDQFH>@$JUHDW
YDULHW\ RI%30PRGHOOLQJ ODQJXDJHV H[LVW VRPHRI WKHPKDYHEHHQ DGDSWHG WR WKHGRPDLQ H[ SHWUL QHWV HWF
ZKHUHDVRWKHUVKDYHEHHQSURSRVHGHVSHFLDOO\IRUWKLVSDUWLFXODUILHOGH[%30/%301HWF(DFKODQJXDJHLVEDVHG
RQGLIIHUHQW IRXQGDWLRQVDQGFKDUDFWHUL]HGZLWKDGLIIHUHQWFDSDFLW\RIH[SUHVVLRQDQGGHVFULSWLRQ1RZDGD\V WKH
EXVLQHVVSURFHVVPRGHOOLQJQRWDWLRQ%301EHFDPHWKHVWDQGDUGLQSURFHVVHVPRGHOOLQJ,WLVFKDUDFWHUL]HGZLWK
DKLJKFDSDFLW\RIXQGHUVWDQGLQJDQGRIIHUVDGLYHUVLILHGDQGDFRPSUHKHQVLEOHPRGHOOLQJ WRRONLW+RZHYHUHYHQ
ZLWKDKLJKO\HIILFLHQWPRGHOOLQJODQJXDJHLWVWLOOEHQHHGHGWRHQVXUHPRGHOVFRUUHFWLRQ
(QVXULQJWKHYDOLGLW\RISURFHVVPRGHOVLVRQHRIWKHSUHYDLOLQJWKHPHVLQ%30ILHOG+RZHYHUWKHPRGHOYHULILFDWLRQ
VWHSLVQRWQHFHVVDULO\GRQHLQWKH%30OLIHF\FOHFIILJXUHGHVSLWHLWVLPSRUWDQFH7KXVPDQ\HUURUVFRXOGDIIHFW
PRGHOV)RUH[DPSOHDQHUURUZKRVHRULJLQLVFRQWUROIORZWKHRUGHULQZKLFKRSHUDWLRQVDUHGRQHPD\OHDGWRLQYDOLG
PRGHOOHGSURFHVV:KHUHDVDQHUURUZKRVHRULJLQLVGDWDIORZWKHGDWDREMHFWVSURGXFHGDQGH[FKDQJHGGXULQJWKH
SURFHVV H[HFXWLRQ PD\ OHDG WR LQFRUUHFW LPSOHPHQWHG FRQILJXUHG DQG H[HFXWHG SURFHVVHV7KLV VHFRQG FDVH LV
JHQHUDOO\WKHRULJLQRIH[FHSWLRQVVWRSSLQJRUG\VIXQFWLRQ7KHVHSUREOHPVFRXOGQRWEHGLVFRYHUHGGXULQJWKHDQDO\VLV
IROORZLQJWKHGHVLJQVWHSFIILJXUH

)LJXUH%30OLIHF\FOH
7RGHDOZLWKWKHVHOLPLWDWLRQVZHSURSRVHDQDSSURDFKWKDWSHUIRUPVDVWDWLFDQGDG\QDPLFYHULILFDWLRQ7KHDSSURDFK
KDVWZRPDLQREMHFWLYHV2QWKHRQHKDQGDSSO\YHULILFDWLRQRI%301SURFHVVPRGHOVFRQWUROIORZDQGGDWDIORZ
2QWKHRWKHUKDQGDSSO\WKHYHULILFDWLRQRQWKHEDVLVRIHYHQWORJVUHVXOWLQJRQH[HFXWLRQVWHS
7KHUHPDLQLQJRIWKLVSDSHULVRUJDQL]HGDVIROORZVWKHVHFRQGVHFWLRQLQWURGXFHVVRPHUHODWHGZRUNVWKDWGHDOZLWK
SURFHVVPRGHOVYHULILFDWLRQWHFKQLTXHV,QWKHWKLUGVHFWLRQZHSUHVHQWRXUVWDWLF%301PRGHOYHULILFDWLRQDSSURDFK
6HFWLRQIRXUGHVFULEHVWKHG\QDPLFYHULILFDWLRQDSSURDFKEDVHGRQHYHQWORJV,QVHFWLRQDFDVHVWXG\LOOXVWUDWLQJ
WKHIXQFWLRQDOLW\RIWKHSURSRVHGDSSURDFKDVZHOODVWKHH[SHULPHQWGHWDLOVDUHSUHVHQWHG)LQDOO\ZHFRQFOXGHWKLV
SDSHUE\VXPPDUL]LQJRXUSURSRVDODQGSUHVHQWLQJVRPHIXWXUHUHVHDUFKSHUVSHFWLYHV
5HODWHGZRUNV
$ZLGHUDQJHRIZRUNVKDYHEHHQFRQGXFWHGDLPLQJWRLPSURYHSURFHVVPRGHOVTXDOLW\DQGHQVXUHSURFHVVPRGHOV
YHULILFDWLRQ,QWKLVVHFWLRQZHRYHUYLHZVRPHPRGHOYHULILFDWLRQH[LVWLQJDSSURDFKHV
3URFHVVPRGHOYHULILFDWLRQFDQEHGHILQHGDVFKHFNLQJZKHWKHUDPRGHOVKRZVWKHGHVLUHGEHKDYLRXUDQGPHHWVDOO
HVWDEOLVKHG FULWHULD ,62  GHILQHV YHULILFDWLRQ DV FRQILUPDWLRQ E\ H[DPLQDWLRQ DQG SURYLVLRQ RI REMHFWLYH
HYLGHQFH LQIRUPDWLRQ ZKRVH YHUDFLW\ FDQ EH GHPRQVWUDWHG EDVHG RQ IDFWV REWDLQHG WKURXJK REVHUYDWLRQ
PHDVXUHPHQWVWHVWVFDOFXODWLRQVRURWKHUPHDQVWKDWVSHFLILHGUHTXLUHPHQWVKDYHEHHQPHW´0DQ\HUURUVFDQDIIHFW
EXVLQHVVSURFHVVHV7KHVHHUURUVDUHDQRPDOLHVWKDWDULVHLQWKHVHSURFHVVHVDQGFRXOGEHIXQFWLRQDORSHUDWLRQDODQG
QRQIXQFWLRQDO7KH\FDQEHGHWHFWHGDQGPDQDJHGLQHDFKSKDVHRIWKHOLIHF\FOHRIDEXVLQHVVSURFHVVDQGDFFRUGLQJ
WRWKHVWHSZKHUHWKHSUREOHPLVGHWHFWHGDGLIIHUHQWYHULILFDWLRQWHFKQLTXHFDQEHDGRSWHG
2.1. Overview ofverification approaches 
0DQ\YHULILFDWLRQWHFKQLTXHVKDYHEHHQSURSRVHGLQOLWHUDWXUHZKLOHPDQ\DSSURDFKHVFRQFHQWUDWHRQFRQWUROIORZ
YHULILFDWLRQRQO\GDWDIORZFRUUHFWQHVVLVRIVLPLODULPSRUWDQFH,QWKLVFRQWH[WPDQ\ZRUNVGHDOLQJZLWKWKHFRUUHFWLRQ
RIWKHGDWDIORZH[FKDQJHGGXULQJWKHH[HFXWLRQRIWKHEXVLQHVVSURFHVVKDYHEHHQSURSRVHG:HEULHIO\LQWURGXFH
VRPHYHULILFDWLRQWHFKQLTXHVRIERWKFRQWURODQGGDWDIORZ
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D 9HULILFDWLRQE\PRGHOOLQJJXLGHVW\OH
$VHWRIVHPDQWLFUXOHVVKRXOGEHPHWLQRUGHUWRGHWHFWHUURUVGXULQJWKHPRGHOOLQJSKDVHDVWKHIROORZLQJVHPDQWLF
UXOHSURKLELWDVVRFLDWLQJDUHVRXUFHWRWZREXVLQHVVDFWLYLWLHVDWWKHVDPHWLPH7KHVHUXOHVDUHFRQVLGHUHGDVJXLGH
VW\OH>@,Q>@DXWKRUVGHILQHDQH[WHQVLEOHVHPDQWLFIUDPHZRUNIRU%3017KH\LOOXVWUDWHWKHIUDPHZRUNE\DKLJK
OHYHO RSHUDWLRQDO GHILQLWLRQRI WKH VHPDQWLFVRI WKH%301VWDQGDUG$V FDVH VWXG\ WKH\ DSSO\ WKH IUDPHZRUN WR
SURYLGHDWUDQVSDUHQWDFFXUDWHKLJKOHYHOGHILQLWLRQRIWKHH[HFXWLRQVHPDQWLFVRIWKH%301VWDQGDUGFRYHULQJ
HDFKRILWVFRQVWUXFWVLQRUGHUWRREWDLQDFRPSOHWHDEVWUDFWLQWHUSUHWHUIRU%301GLDJUDPV
E 9HULILFDWLRQXVLQJVLPXODWLRQWHFKQLTXH
7KLVPHWKRGLVEDVHGRQHYDOXDWLQJDQGFRPSDULQJWKHSURFHVVHVPRGHOOHGXVLQJPXOWLSOHSRVVLEOHVFHQDULRV7KH
VLPXODWLRQ WKXV SURYLGHV TXDQWLWDWLYH HVWLPDWLRQ RI WKH LPSDFW RI WKH SURFHVV GHVLJQ RQ WKH H[HFXWLRQ 6HYHUDO
VLPXODWRUV KDYH EHHQ SURSRVHG LQ RUGHU WR HQDEOH FRPSDQLHV DQGRUJDQL]DWLRQV WR TXLFNO\ DQDO\VH WKHLU EXVLQHVV
SURFHVVHV>@
F )RUPDOYHULILFDWLRQ
7KLVWHFKQLTXHUHTXLUHVDIRUPDOPRGHO7KHREMHFWLYHLVWRPLQLPL]HWKHSUREDELOLW\RIDPDOIXQFWLRQWKDWFRXOGRFFXU
GHDGORFNVRUOLYHORFNVHWF7KH\DUHPDLQO\EDVHGRQ3HWULQHWVIRUPDOPRGHOVFRPELQLQJWKHDGYDQWDJHRIEHLQJ
DJUDSKLFQRWDWLRQZLWKPDWKHPDWLFDOO\GHILQHGVHPDQWLF,Q>@WKHDXWKRUVH[SODLQKRZWRHPSOR\3HWULQHWVWR
DQDO\VHYHULI\DQGYDOLGDWH%301PRGHOVXVLQJRQHRIWKHPRVWUHPDUNDEOHZRUNVRQWKHWUDQVIRUPDWLRQRI%301
WR3HWULQHWVLQWURGXFHGE\'LMNPDQHWDOLQSDSHU>@2WKHUWUDQVIRUPDWLRQVDUHDOVRSURSRVHGVXFKDVWKHDSSURDFK
SURSRVHGE\5DHGWVHWDOLQ>@WKDWWUDQVIRUPV%301PRGHOVWRDQH[WHQGHG3HWULQHWVNQRZQDV<$63(5<HW
$QRWKHU 6PDUW 3URFHVV (GLWR5  LQ RUGHU WR YHULI\ VRXQGQHVV SURSHUW\2WKHU DWWHPSWVZHUH GRQH XVLQJ DQRWKHU
H[WHQVLRQRI3HWULQHWVFDOOHG<$:/<HW$QRWKHU:RUNIORZ/DQJXDJH>@+RZHYHUYHULILFDWLRQ<$:/PRGHOLV
FRPSXWDWLRQDOO\PRUHFRPSOH[WKDQWKHFRUUHVSRQGLQJ3HWULQHWV
G 9HULILFDWLRQXVLQJSURFHVV±PLQLQJWHFKQLTXH
([HFXWDEOHSURFHVVHVDUHDQDO\VHGRQWKHEDVLVRIWKHLUHYHQWORJVLQRUGHUWRUHFRQVWUXFWWKHEXVLQHVVSURFHVVPRGHO
WKLVLVSRVVLEOHXVLQJDGLVFRYHU\DOJRULWKP7KHUHVXOWLQJSURFHVVLVFRPSDUHGWRPRGHOOHGSURFHVVHVLQRUGHUWRDOORZ
EXVLQHVVDQDO\VWVWRHQVXUHWKDWH[HFXWHGSURFHVVPDWFKHVWKHEXVLQHVVUHTXLUHPHQWV>@7KLVWHFKQLTXHLVNQRZQDV
SURFHVVPLQLQJ,Q>@DXWKRUVIRFXVRQXVLQJSURFHVVPLQLQJWRSHUIRUPEXVLQHVVSURFHVVYHULILFDWLRQ$QH[DPSOHLV
WKH H\HV SULQFLSOH LH DOWKRXJK DXWKRUL]HG WR H[HFXWH WZR DFWLYLWLHV D SHUVRQ LV QRW DOORZHG WR H[HFXWH ERWK
DFWLYLWLHVIRUWKHVDPHFDVH
H +\EULGYHULILFDWLRQIRUPDODQGLQIRUPDO
,QSDSHU>@DXWKRUVSURSRVHDQRULJLQDODUFKLWHFWXUHRQDK\EULG%XVLQHVV3URFHVV'HVLJQDQG9HULILFDWLRQ6\VWHP
%3'967KLVDUFKLWHFWXUHDWWHPSWVWREXLOGDV\VWHPWKDWLQWHJUDWHVWKHLQIRUPDODQGIRUPDODSSURDFKHVLQWKH%30
UHODWHG ILHOGV7KH LQGXVWULDO VWDQGDUG;0/3URFHVV'HILQLWLRQ/DQJXDJH ;3'/ LVXVHGDV WKH LQIRUPDOSURFHVV
GHVFULSWLRQODQJXDJHZKLOHDORJLFODQJXDJH6LWXDWLRQ&DOFXOXVLVHPSOR\HGDVWKHXQGHUO\LQJIRUPDOLVPWRSUHFLVHO\
VSHFLI\DSURFHVV7KHK\EULG%3'96LQWHJUDWHGWKHVHWZRGLIIHUHQWSURFHVVPRGHOVDQGDWWHPSWVWRSURYLGHDPRUH
LQWHJUDWLYHDQGG\QDPLFGHVLJQHQYLURQPHQWIRUEXVLQHVVSURFHVVHV>@
7KURXJKRXWWKHVHZRUNVZHQRWLFHGWKDWYHULILFDWLRQSURFHVVLVKLJKO\GHSHQGHQWRQPRGHOOLQJODQJXDJH7KH
IRUPDOPRGHOOLQJODQJXDJHVDUHFHUWDLQO\VLPSOHUWRYHULI\EXWWKH\DUHQRWVXIILFLHQWO\H[SUHVVLYH
2XUYHULILFDWLRQDSSURDFK
,QWKLVVHFWLRQZHLQWURGXFHRXUSURSRVHGYHULILFDWLRQDSSURDFK:HILUVWLQWURGXFHWKHRYHUDOODSSURDFKDUFKLWHFWXUH
WKHQGHWDLO WKH WZRYHULILFDWLRQPHWKRGVPRGHOEDVHGDQGHYHQW ORJEDVHGYHULILFDWLRQ FI ILJXUH:HGHWDLO WKH
PRGHOEDVHGDVZHOODVWKHHYHQWVORJVEDVHGYHULILFDWLRQLQVHFWLRQDQG
3.1. Model based verification:Control flow verification 
([HFXWLRQVHPDQWLFVLQWURGXFHGLQWKHVSHFLILFDWLRQGRFXPHQWRIWKH%301QRWDWLRQFDQEHGLYLGHGLQWRWZRVHWV
DVHWRIUXOHVWKDWFDQEHFKHFNHGXVLQJRQO\DPRGHODQGGRHVQRWUHTXLUHDQ\RWKHULQIRUPDWLRQDVHWRIUXOHV
WKDWQHHGWREHFKHFNHGXVLQJLQIRUPDWLRQUHVXOWLQJIURPVLPXODWLRQRUH[HFXWLRQ:HZLOOFKHFN%301VHPDQWLFV
7KXVZHZLOOYHULI\VRXQGQHVVFRUUHFWLRQSURSHUW\DGDSWHGWR%301ODQJXDJH6RXQGQHVVLVDQLPSRUWDQWDQG
SURPLQHQWFRUUHFWQHVVFULWHULRQIRUEXVLQHVVSURFHVVPRGHOVDQGZDVILUVWLQWURGXFHGIRU3HWUL1HWV
7KHRULJLQDOVRXQGQHVVSURSHUW\LVGHILQHGIRUD:RUNIORZQHWD3HWULQHWZLWKRQHVRXUFHDQGRQHVLQNDQGUHTXLUHV
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)LJXUH%301YHULILFDWLRQV\VWHPDUFKLWHFWXUH
WKDWLIRUHYHU\VWDWHUHDFKDEOHIURPWKHVRXUFHWKHUHH[LVWVDILULQJVHTXHQFHWRWKHVLQNRSWLRQWRFRPSOHWHLL
WKHVWDWHZLWKDWRNHQLQWKHVLQNLVWKHRQO\VWDWHUHDFKDEOHIURPWKHLQLWLDOVWDWHZLWKDWOHDVWRQHWRNHQLQLWSURSHU
FRPSOHWLRQDQGLLLWKHUHDUHQRGHDGWUDQVLWLRQV
&RQWUROIORZYHULILFDWLRQIRFXVHVRQWZRPDLQSRLQWV
 &KHFNLQJWKH%301VHPDQWLFVDQGVW\OHRIGLIIHUHQWHOHPHQWVFRQGXFWHGWKURXJKWKHDSSOLFDWLRQRIDOJRULWKPV
WKDWLPSOHPHQWVHPDQWLFUXOHV
 &KHFNLQJWKHVRXQGQHVVSURSHUW\LWLVWRFKHFNWKHWKUHHSURSHUWLHVRIVRXQGQHVV$EVHQFHRIGHDGORFNV$EVHQFHRI
OLYHORFNV$EVHQFHRIGHDGHOHPHQWV

3.2. Model based verification: Data flow verification  
:KLOHPDQ\SURFHVVYHULILFDWLRQDSSURDFKHVIRFXVRQFRQWUROIORZYHULILFDWLRQWKHFRUUHFWLRQRIWKHGDWDIORZUHPDLQV
QHJOHFWHGDOWKRXJKLWKDVVLPLODULPSRUWDQFH7RYHULI\WKHGDWDIORZLQD%301PRGHOZHQHHGWRHQVXUHWKDW
GDWDLVSURSHUO\SUHVHQWHGDQGWKDWWKHH[HFXWLRQWDNLQJLQWRDFFRXQWERWKGDWDIORZDQGFRQWUROIORZGRQRW
SUHVHQWDQ\SUREOHP

)LJXUH%301SURFHVVPRGHO
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$OWKRXJKIURPDGDWDIORZYLHZSRLQWDPRGHOFRXOGEHFRUUHFWDFFRUGLQJWRDQGLQGHSHQGHQWO\EXWLQFRUUHFW
LIWKHVHSURSHUWLHVDUHFRQVLGHUHGMRLQWO\7KXVZHSURSRVHDWUDQVIRUPDWLRQRIWKHSURFHVVPRGHOLQ%301WKDW
JHQHUDWHVDGDWDFHQWULFPRGHOUHSUHVHQWLQJGDWDH[FKDQJHEHWZHHQRSHUDWLQJDFWLYLWLHV7KLVPRGHOLVJHQHUDOL]HGDQG
FDQ FRQFOXGH WKH GDWD UHTXLUHPHQWV IRU HDFK DFWLYLW\ DQG WKH SRWHQWLDO WUDQVIRUPDWLRQV RQ GDWD REMHFWV $ VHW RI
WUDQVIRUPDWLRQVLVDSSOLHGWRREWDLQREMHFWVUHSUHVHQWLQJWKHH[FKDQJHGGDWD7KHVHREMHFWVDUHJHQHUDWHGIURPWKH
EXVLQHVVSURFHVVPRGHOUHSUHVHQWHGE\DQ;0/ILOHFDQEHVXPPDUL]HGLQ)LJXUH
3.3. Event Logs based verification 
'HILQLWLRQ RI HYHQW ORJ ³Event logs reflect information about the execution of processes.An event log typically 
contains information about events referring to an activity and a case. The case also called process instance is the 
thing which is being handled. The activity is some option of the case. Events have a timestamp indicating the time of 
occurrence and when people are involved, event logs will contain information regarding the person executing or 
initiating the event [1]´
,WLVQHFHVVDU\WRHVWLPDWHWKHQXPEHURIWUDFHVQHHGHGWRILQGDFRUUHFWPRGHO7KLVPHDVXUHWKDWHQVXUHVWKHUHOLDELOLW\
RIUHVXOWVLVEDVHGRQERWKWKHSURFHVVPRGHODQGWKHHYHQWORJJHQHUDWHGIURPH[HFXWLRQ7KHPRGHOLVXVHGWRFRPSXWH
WKHQXPEHURISDWKVIURPVWDUWHYHQWWRHQGHYHQWV7KHHYHQWORJUHSUHVHQWVDFROOHFWLRQRIGLIIHUHQWWUDFNVHDFK
ZLWKDGHILQLWHIUHTXHQF\:HQRWH17WKHQXPEHURIWUDFHVREWDLQHGDIWHUWKHJHQHUDWLRQRIDZHOOVWUXFWXUHGHYHQWV
ORJ0WKH3URFHVVPRGHO$WKHVHWRIDFWLYLWLHV)6WKHIORZVHTXHQFHVDQG1&WKHVHWRISDWKVFRPSXWHGEDVHGRQWKH
PRGHO
:HVKRXOGHQVXUHWKDW_1&17_LQGLFDWRUWKHLQGLFDWRULVVHWE\WKHDGPLQLVWUDWRU
3.3.1. Generation of well-formed logs 
:HSHUIRUPDWUDQVIRUPDWLRQRIWKHKLVWRULFSURYLGHGE\$FWLYLWL%30VXLWHWRDZHOOVWUXFWXUHGHYHQWORJRQZKLFK
ZHFDQDSSO\WKHQHFHVVDU\DQDO\WLFDORSHUDWLRQV,QIDFWWKHGDWDEDVHSURYLGHGE\$FWLYLWLFDQQRWEHFRQVLGHUHGDVD
ZHOOIRUPHG HYHQW7KLV WUDQVIRUPDWLRQ LVPDLQO\ EDVHGRQ WKH GDWDEDVH WDEOHV$&7B+,B352&,167$&7B+,B
$&7,167$&7B+,B'(7$,/
3.3.2. Generation of footprint 
7KH IRRWSULQW RI DQ HYHQW ORJ FDQEHSUHVHQWHGZLWK DPDWUL[ZKRVH URZV DQG FROXPQV UHSUHVHQW WKH SUHFHGHQFH
UHODWLRQVEHWZHHQHYHQWVLQWKHORJ7KHUROHRIWKLVPDWUL[LVWRVXPPDUL]HWKHUHODWLRQVKLSVEHWZHHQGLIIHUHQWHYHQWV
7KHFKDUDFWHULVWLFRIWKHIRRWSULQWLVWKDWLWDOORZVWRVXPPDUL]HWKHSDSHUZKLFKFDQEHKXJHLQWHUPVRIQXPEHURI
WUDFHVLQDPDWUL[UHSUHVHQWLQJWKHPDMRUUHODWLRQVKLSVEHWZHHQWKHGLIIHUHQWDFWLYLWLHV+RZHYHULWLVOLPLWHGWRWKH
FRQWUROIORZSHUVSHFWLYH7KHSURSHUWLHVWREHFKHFNHGDUHWKHSURSHUWLHVPDWFKLQJZLWKVRXQGQHVV
 7KHSURFHVVVKRXOGQRWFRQWDLQWDVNVWKDWZLOOQHYHUEHH[HFXWHG'HWHFWLQJVXFKDQDQRPDO\LQWKHORJFRQVLVWV
RIFRPSDULQJWKHSUHVHQWDFWLYLWLHVLQWKHPRGHODQGLQWKHORJRUWKHIRRWSULQW7KHODFNRIDFWLYLW\PHDQVWKDW
GXULQJH[HFXWLRQLWKDVQHYHUEHHQYLVLWHGVLQFHLWLVQRWFHUWDLQLWLVXQDWWDLQDEOH
 ,WLVQHFHVVDU\WRHQVXUHWKDWDVWDUWHGSURFHVVLQVWDQFHZLOOEHFRPSOHWHG7KHIRRWSULQWLVWKHVXPPDU\RIDOO
H[HFXWLRQVUHFRUGHGE\WKHV\VWHP:HVWDUWZLWKWKHHQGHYHQWVDQGWHVWZKHWKHUZHFDQUHDFKWKHEHJLQQLQJRU
QRW7KHH[HFXWLRQLVFRPSOHWHLIDOOFROXPQVH[FHSWWKRVHUHSUHVHQWLQJDQHQGDFWLYLW\DUHVHOHFWHGDQGSURFHVVHG
VLPXODWLRQWHFKQLTXH
 ,IWKHLQVWDQFHLVFRPSOHWHWKHUHVKRXOGEHQRWDVNVWKDWDUHVWLOODFWLYH7KLVSURSHUW\LVFKHFNHGLQWKHHYHQWORJ
VLQFHZHQHHGGHWDLOVRQWKHWLPH:HFKHFNWKHDWWULEXWHVRIWKHSURFHVVLQVWDQFHDQGFRPSDUHWKHWLPHVWDPSRI
HYHQWVFRPSOHWHZLWKWKHW\SHDWWULEXWH(1'B7,0(RIWKHFRQVLGHUHGSURFHVVLQVWDQFH
([SHULPHQWVDQG&DVHVWXG\
2XUSURSRVDOKDVEHHQLPSOHPHQWHGDQGHYDOXDWHGLQRUGHUWRVKRZLWVLQWHUHVWLQEXVLQHVVSURFHVVPRGHOVYHULILFDWLRQ
)URPPRUHWHFKQLFDOSRLQWRIYLHZZHLPSOHPHQWHGDSURWRW\SHXVLQJ-DYDSURJUDPPLQJODQJXDJHWKDWDOORZVWKH
YHULILFDWLRQRISURFHVVPRGHOVDVZHOODVDOUHDG\H[HFXWHGSURFHVVHVWKURXJKRXWWKHLUHYHQWORJV7KHSURFHVVPRGHOOLQJ
LV SHUIRUPHG XVLQJ $FWLYLWL ([SORUHU (FOLSVH $SL $FWLYLWL GHVLJQHU DOORZV WKH PRGHOOLQJ RI SURFHVVHV DQG WKH
LQWURGXFWLRQRI -DYDFODVVHV WRSHUIRUP WDVNVHWF ,WJUHDWO\ IDFLOLWDWHV WKH VXEVHTXHQW H[HFXWLRQRISURFHVVHVZLWK
%301$FWLYLWL([SORUHURQOLQH6HUYLFH7RHYDOXDWHRXUDSSURDFKZHH[HFXWHGFRQWUROIORZDQGGDWDIORZVWDWLF
1069 Olfa Allani and Sonia Ayachi Ghannouchi /  Procedia Computer Science  100 ( 2016 )  1064 – 1070 
DQGG\QDPLFYHULILFDWLRQRI WZREXVLQHVVSURFHVVZKLFKDUH³WUDYHOERRNLQJ´DQG³UHFUXLWPHQWPDQDJHPHQW´:H
LQWURGXFHDFDVHVWXG\RIWKHYHULILFDWLRQV\VWHPIRUWKH³WUDYHOERRNLQJ´SURFHVV
&DVHVWXG\7KURXJKRXWWKLVH[DPSOHZHLOOXVWUDWHDFDVHVWXG\RIWKHSURSRVHGVROXWLRQ:HLQWURGXFHWKHWUDYHO
ERRNLQJSURFHVVPRGHO8VLQJ WKHGHYHORSHGSURWRW\SHZH LQWURGXFH WKHSURFHVVPRGHOOHGXVLQJ$FWLYLWLHGLWRU
WKHQZHH[HFXWHWKHGLIIHUHQWYHULILFDWLRQVWHSV7KHUHVXOWVDUHLOOXVWUDWHGE\ILJXUH7KHQXPEHURIWUDFHVDVZHOO
DVWKHSRVVLEOHSDWKVDUHFRPSXWHGILJXUHD7KHHYHQWORJLVJHQHUDWHGILJXUHEWKHIRRWSULQWLVUHSUHVHQWHG
LQILJXUHFDQGWKHILQDOUHSRUWLVLQWURGXFHGLQILJXUHG

&RQFOXVLRQ
,Q%30SURFHVVPRGHOYHULILFDWLRQLVHVVHQWLDOVLQFHLWLPSDFWRQWKHHQWLUHOLIHF\FOHRIWKH%3V,WDLPVWRGHWHFW
SRVVLEOHSUREOHPVDQGGHFLGHRQWKHXWLOLW\WRPDNHFKDQJHV7KLVSDSHULQWURGXFHVDQDSSURDFKRI%3VYHULILFDWLRQ
EDVHGRQQRWRQO\SURYLGHGPRGHOEXWDOVRWKHHYHQWVORJVUHVXOWLQJIURPSURFHVVH[HFXWLRQLQ%301PRGHOOLQJ
ODQJXDJH7KHYHULILFDWLRQFRQFHUQVFRQWUROIORZDVZHOODVGDWDIORZSHUVSHFWLYHVRISURFHVVHV7KHDSSURDFKKDV
EHHQLPSOHPHQWHGDQGWKHLQWURGXFHGYHULILFDWLRQVROXWLRQSURSRVHVWZRYHULILFDWLRQW\SHVVWDWLFDQGG\QDPLF7KH
VWDWLFYHULILFDWLRQWDNHVDVLQSXWWKHSURFHVVPRGHOZKHUHDVWKHVHFRQGWKDWWDNHVDVLQSXWERWKPRGHODQGHYHQWV
ORJV7KHSURWRW\SHKDVEHHQWHVWHGIRUWZRSURFHVVPRGHOVDVILUVWH[SHULPHQW,QWKHIXWXUHZHZLOOFRQGXFWPRUH
H[SHULPHQWVFRYHULQJWKHSRVVLEOHHUURUVVLWXDWLRQVLQRUGHUWRSURYHWKHHIILFLHQF\RIWKHSURSRVHGVROXWLRQ:HZLOO
LPSURYHRXUDOJRULWKPVLQRUGHUWRUHGXFHWKHFRPSXWLQJWLPHIRUHDFKVWHS
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